Achievements
The evidence that tissue synthesis occurs in nutritionally depleted patients fed only by the intravenous route has been a very significant therapeutic advance. Patients with alimentary disorders which prevent the normal ingestion and absorption of food now have an enhanced chance of survival when nutrients are infused intravenously. Although nutritional requirements can be given intravenously for as long as is necessary, care is required to prevent metabolic imbalance from developing, as well as complications associated with indwelling intravenous catheters.
Patients who have had a reduced intake of food for as long as 6 or 7 days after major surgery, followed by complications, show a positive nitrogen balance when intravenous feeding is introduced. The administration of 9-10 g nitrogen in 2.5 litres of fluid can be associated with the excretion of only 5-6 g nitrogen. The positive balance of nitrogen of 2-4 g per day corresponds to 12-24 g of protein and 60-120 g of lean body tissue.
The management of patients with intestinal fistulk should include parenteral feeding. The losses from fistulk are reduced when the oral intake is restricted and it is important to maintain an adequate calorie intake when any intraabdominal abscesses are being drained. Intravenous feeding is also important immediately after massive resection of the small bowel. Compensatory hypertrophy of residual bowel which is so essential for survival is enhanced if the nutritional state can be maintained.
It is often difficult with oral feeding to cope with the intestinal losses of protein which occur during acute exacerbations of granulomatous disease of the bowel and intravenous feeding is required to maintain a positive balance of nitrogen. It may be necessary to support such patients at frequent intervals.
There have also been significant advances in the management of some congenital abnormalities of the gut by intravenous nutritional support during which normal growth has been maintained. There is ample evidence in both children and adults that the lean body mass can be increased during prolonged intravenous feeding (Stegink & Baker 1971) .
It must be emphasized that the majority of postoperative patients do not require parenteral nutrition and it is only where there is little prospect of an early return to normal oral feeding that intravenous feeding should be given.
Metabolic Monitoring
Plasma levels ofelectrolytes including calcium and phosphate and osmolality should be measured regularly during prolonged intravenous feeding. Magnesium, plasma proteins and hiemoglobin should also be measured at less frequent intervals. The infusion of hypertonic carbohydrate solutions may induce an osmotic diuresis and measurement of blood and urine glucose with plasma sodium or osmolality is important (Dudrick et al. 1972) .
Some of the solutions in current use do not contain phosphate and the plasma inorganic phosphate can fall quickly during infusion. The plasma phosphate level has dropped to 0.5 mg/ 100 ml within 2 days when insulin was being used in conjunction with high calorie intravenous feeding.
Clinical symptoms associated with hypophosphatamia have included mental confusion, dysarthria and peripheral and circumoral paresthesia. The symptoms were relieved by intravenous phosphate. Calcium must be infused at the same time as the phosphate. Hypophosphatemia can shift the oxyheemoglobin dissociation to the left, which may increase cardiac output. Modest amounts of phosphate should be given intravenously during long-term infusion, particularly in undernourished patients.
There is some evidence that the administration of insulin during intravenous feeding enhances the utilization of both amino acids and glucose with an increase in the positive nitrogen balance. The onset of sepsis or venous thrombosis can reduce the tolerance to glucose due to an increase in insulin antagonism, and at such times extra insulin is required. Insulin administration requires careful monitoring of blood and urinary glucose as requirements for insulin are not constant.
Magnesium deficiency can occur after a number of weeks, particularly if the alimentary losses are heavy.
The intermittent administration of blood, plasma or albumin can also be valuable. Blood and plasma will provide trace elements as well as some fatty acids.
A metabolic acidosis may be induced when large amounts of amino acids are being infused, and hyperammonemia has been recorded. The addition of arginine to the infusate has overcome the problem.
Abnormalities of serum lipids can develop if fat emulsions are not used during prolonged intravenous support. Thrombocytopenia, increased capillary permeability and skin abnormalities have been recorded (Coats et al. 1968 ) when fat has been omitted.
Blood levels of lactate, pyruvate and uric acid have been found to rise during fructose infusions (Sahebjami & Scaletter 1971) . Caution in the use of fructose is probably only required in the seriously ill and in neonates.
Cannula Complications
The most serious complication of prolonged intravenous feeding is infection (Curry & Quie 1971) . Many organisms have been isolated from the blood and fibrin clot around the tips of intravenous catheters, and infection with Candida albicans has been a very serious problem in some centres (Brennan et al. 1972) . Mixtures of glucose and amino acids are as effective as a culture media for organisms and fungi as some of the currently used laboratory media.
Infection can be introduced when the infusion line is interrupted to add electrolytes or other substances to the infusion. Intermittent flushing of the catheters with amphotericin may prevent serious infection. The insertion of millipore filters in the infusion line has been suggested but a controlled trial in 52 patients showed that this did not reduce the incidence of either positive cultures from the cannula tips or thrombophlebitis.
Intravenous catheters for long-term use should be inserted using a strict aseptic technique and the point of entry of the catheter through the skin should be surrounded with a bactericidal barrier. The position of the catheter in the central vein should be checked radiologically as a significant number have been shown to be in unsatisfactory positions for long-term infusions (Johnston & Clark 1973) . Access to the circulation becomes a problem as time passes and arteriovenous shunts or fistulke should be formed to provide easy access for intermittent infusions of nutrients.
It is extremely important to maintain the morale and mobility of patients during long-term parenteral feeding. Mobility can be encouraged by disconnecting the infusion during the day and reconnecting it during the night. The use of clockwork pumps rather than a gravity infusion system allows the patient to move around with a small portable pack containing a supply of nutrients for intravenous infusion.
The greatest challenge in prolonged intravenous feeding is the prevention of infection and venous thrombosis. There are reports of the successful use of parenteral nutrition for as long as one year with relatively few problems. There will undoubtedly always be a small number of patients who will require the careful and regular administration of intravenous nutrients to support an inadequate alimentary canal.
Dr A G Doughty (Kingston Hospital, Kingston upon Thames) asked if any of the speakers had experienced difficult ethical problems with patients who became totally and permanently dependent on parenteral nutrition following massive gut resection.
Professor I D A Johnston replied that he had not encountered ethical problems with prolonged parenteral nutrition because either normal gastrointestinal function was restored or other serious complications developed which were a greater hazard to the patient than alimentary insufficiency.
Professor R G Clark mentioned the fact that at the recent meeting of the Parenteral Nutrition Society in Mexico City two groups, one from Paris and the other from Toronto, presented reports of management with nutrition supplied wholly by intravenous routes in such cases. The solutions were contained within packs which were attached to the body clothing and a small infusion pump infused at a slow rate either during the day or during the night. The longest follow up was now almost two years and good nutrition was being maintained.
